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(54) Title: AEROSOL CONTAINER FOR FORMULATIONS OF SALMETEROL XINAFOATE 

(57) Abstract: The invention relates inter alia to a container sealed with a valve which contains a Phf«««f 
(5/) ^rt- „,.^ salmeterol xinafoate in suspension in (B) a liquefied propellant gas which is l,l,i;2,3,3,3-heptana- 

2 lion composing <A) l^^c^^"^ ^^e^*^ rdlnixtures the^of; said container characterised in that the formulation is substantially 
oro-n-ptopane or I'l'lfjf "''^l^'^^^^^^^ ^hen stored at 25 'C and at relative humidity of 60 %. Preferably the valve 

5 T^:^.Zt:'^Z ?::^.r:::^:\:.o^T. seals s»bsta„.ia,ly constructed from a polymer of ethylene propylene diene 



monomer (EPDM). 
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1 

The pr^l mvenllon .Blates to n»e. conteLer. for ph3rn,ao.u«cal aerosol l"-^^ 
*e adrls«a«on of safmetenX xinafoate by me pu,mona,y route and «. a process «,r the,r pre- 

"Cus. Of aerosote for «,e admWsWon of m,d^en« b, me penphera, aerial pa.™^ 
has been Known for several decades. Such aerosols general!, contain the the«peut,c agent one 
or mora adjuvants such as solvents or surfactants arrf one or more propellants. 

T,« most commonly used p«.pe^nts « the past were chlorofluorocarboos, « 
ffreonS 11). CCfeF, (Freon® 12) or CF^1CF.CI (Freon® 114). Hoover, recent phasing ou^ 

fU^. gases due to « hamtfu, e««. «. the o«ne ^ - 
manufaCuL o, ae,^l sprays to use new propellan. gases which protect ^^''^P'^-- 

such ■o^.ne-fdendly" gases, also icnown as green gases, for exampte ena,mpass 
p^fluoroc^bons, hydrogen^tain*^ chtoronuorocarbons ar«. •'>^"^=^«"« 
Ls such as hydrofluoroalkanes (HFA's) espedally 1,1,1^-let.afluo,oethane (HFA134a). 
1 1 1 ,2.3.3.34ieptafluorow.-propane (HFA 227) and mbctures thereof. 

c;ntan;. for a«osol fOnr-^ons »mmon^ com^ a viai body (canister) coup«to a 
valve The valve comprises a vaWe stem through wh^ the ton«^ ar. d^^ 
^ the vaive Wudes a rubber stem seal interKied to ^ redpioc^ movement of the 
^m Which prevents leaKage of propellan. <^ -he container. Metered dose ,nha,^ 
oompdse a valve whIch Vdesigned .0 de«vera metered amount of an aerosol — "J^"-' 
recipient, per aCualioa Such a met«,ng valve generally comprises a metanng Camber whKih ,s 
ofasetvolumewhlchalmstoadminlsierperactuationahaccurate.predetem>ineddosa. 

^edng valves incorporato gasKets ,a.^ known as seals) to prevent leaicage of propeilant 
Le. The gasKets may com^ su^abie .astomeric mate,^ st^ as 
iow density po^-ethylene. chlorcbutyl, blacR and white butadiene^We rubbers, butyl rubber 

"tZTuse in MDis are available from manufacturers well W«w. in aerosol 

The metenng valves a. used association with ccmm»oially available canls,»s, for e«mp^ 

metal canlsL. such as aluminium canisters, sultabto for delh^nng pharniaceubcai aemsol 

'°7^ group o, m«apeu«. agents adm..^ed by the pu^ona., ^ a. an«asmm^ 
induding bionchodilators and an»n„ammatc,ies of sterol type having a Vxal therapeutic ^n 
m the lungs and/or a systemic therapeudc action alter absorplton in the blocd. «1yd.<«y^ -ffl^ 
,«henylbutoxy)hex,ll aminclmeth,IH.3*enzenedimethanol was desoHbed as one of a wida 
o broncHLators In GB.A.2140800. T* compound is a^ Known by ^J^'^'^ 
Z salmeteiol, the xmalOate sal. of which has become widely icnown as a highly eflecUv. 
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.reawen. of .r^^ - ^ ^ "'^^ 

'TLcn^nU such as sained *a^. -ep^™-' °' »« " ^ 
hon orooellanB by the novel propeHarts «hloll ptoted the ozone layer can be a«ompan«l by 
^1^0. ^* of the Jpenslons. This Is because the chan,e ,„ me po^ of the p^pe^ 
Ltr^nri^ a ^ o, salmete™, *af^ ^e ^uetie. gas. Th.s 
JIJ^ Z lead to I undesW>le lnc«as. In the size o, the partdes duhng stooge 
^ r laZ Of F-ul^^hS O, s^^et^l x^te In a -y^"— = 

^Al pn>pe»ant are known to be susceptible to absorption of the d,u9 »*. the mbber 
'ZonroTrvelves of the «*,ln^n dev^e. This may th», cause: the vaK«s » se^ 
ZZtlses,. a reduc«on of nne pa^cte mass and/or 3ggre,a,« of panicles wh«h - 
'^^rJunto the nne lower tesp^ PaH-ys. subse,ua„«y causln. p^blems 
Z un»ormlty which b«»mes partlculady acute over Increasing numbers of aa^s. 

The iLs mensoned above have been addressed by tf« addton of one or more ^ 
acNu^ sl as alcohols, dlmemyl ether, su^nts (ItKKKlN, "uonnated a^ n»^ 

2^ trtacants. carWxyllc adds, polyethoxylates etc) and even conventona, 

r^rj^on p^pel^ts H, sma. amounts ^ to '^l^-^^Z^Z 
disclosed m. for e«mple. EP0372777, WO91/04011, W091/1t173. W091/11496 and 



disclosed 
W091/14422. 



20.. _ 



Exdoient free formuWcns of salmeterol xlnafcate are described In W093/11743. 
nZmrw096«2345. W096«215,. WOg6«2150 and WO96,32099- d^se aerosol 
can^dd with one or more «uo,cca,bon powers opti^ially In c»mb^n »* one « 
ZTon-fluoroca^on polymers v*,* reduces the deposit*^ on *e -^^«' 
^ 0, me phannaceutlcal alternative propel^, aerosol <--^^"'^^^^ ^ ^ 
„ essen«al ma. me prescribed dose of aemsol medicatK.n delivemd y MDls » me 
««e , consistently meet me specifications claimed b, me manufacUirer and com^^ w«h me 

ml FDA and om^ regulatory aumontles. That Is. evety dose dei^ered from me 
ZZZ be me same wimin ^ fences. Therefore 1. Is -^^^^ 
be substantially homogeneous mroughout me deliveiy of me contents of me camster. it ,s also 
Z^^^ — o, me suspense does not change s,n«can% when stored for 

soe^rd one for which e specmcation Is usual^ set Is me fine partcte mass 

° mis o, evalua^ng me amount df dnig substance which has me pot«,t^ » 
*Z me inner lungs, l.e. me sma« bronohlo.es and alveoli, based on me am».nt of drug 
particles wim a diameter v^ a certain range, usually less man 5 microns. 
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The FPM of an actuation from an MDl can be calculated based on. for example, the sum of 
the amount of drug substance deposited on stages 3. 4 and 5 of an Andersen Cascade Impact^n 
stack as determined by standard HPLC analysis. 

,t is important that the FPM of the pham^aceutical aerosol fomiulation. for all the doses 
dispensed from the MDl. Is within the specification set. even after the MDl has been stored for a 

'"whiltt n»g to be bound by any theories it is hypothesised by the inventor. «.at the 
adsorption of dmg into the rubber components of the valve and/or the reduction of FPM on 
storage may be accelerated by the ingression of water into the fom^ulation over tme 

This hypothesis has been supported by studie^employing salmeterol xinafoate HFA 134a 
aerosol fom^ulations in conventional MDIs stored at 40»C and 75% relative humidity (RH) and 
40*C and 20% relative humidity as shown in Table 1. 

Furthennore evidence indicates that the FPM and mean dose of salmeterol x'na^oate 
134a fom^ulations decreases over time with the ingression of water into the fbmiulaton and/or 
15 absorption resulting in impaired perfomnance of the MDl. 

The effect on FPM of salmeterol xinafbate HFA 134a aerosol fom^ulations .n convenhonal 
MDIS stored at 40oC and 75% relative humidity is shown in Table 2. Table 3 shows a noticeable 
decrease over time in the mean dose delivered from a conventional MDl when stored at 40 C 

and 75% relative humidity. ^u hk, «f 

W. ha« n«. discovered ^ it Is possible to s^nifioen., improve «» slaMW of 

suspensions of salmeterol xlnefOete in «» propellahl l.y car*-"' <>' ^ 
foliation. More pa^oularV w. have found *a. salmeterol xinafoate formu^s show 
undesirable parade sfce gro««, ^ oon«,e« conWning tt,en™ exhibit '-^ 
Of drug the. ^ surf^- TWs is demons^ted by a drop in the FPM ^ *e 
when Led using an Ander^n Cascade Impair when «« water content of ^ ,orm^^l*«> 
exceeds approximate^, 200 ppm for a signHicant length of dme. However. » the water content 
the fom-ulatlon is kept below this level said «»mu«ons may be stable for rr^ny '^^^ 
makes It possiWe to deliver drug particles having sizes which are sufficiently small to penetrate 
into the respiiatoiy pathways and be therapeutfcally useful. 

The present invention thus provides a container sealed with a valve which contams a phamia- 

ceutical aerosol formulation comprising 

(A) particulate salmeterol xinafbate in suspension in 

(B) a liquefied propellent gas which is i.i.i.2.3.3.3-heptafluoro-n-propane or 1.1.1.2- 
tetrafluoroetliane and mixtures thereof; 

said container characterised in that the formulation is substantially anhydrous and remains so 
over a period of 12 monttis when stored at 25-C and at relative humidity Of 60%. 

Storage will preferably be storage with the canister in an inverted orientation (i.e. valve down). 
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It will be understood from use of the expression -substantially anhydrous' that preferably the 
water content of the formulation is less than 200ppm w/w. particularly less than 150ppm w/w 

more particularly less than 1 0Oppm w/w. 

Water content refers to total water content of the fomiulation including free water and any 
5 water of crystallisation that may be associated with the salmeterol xinafbate. 

The water content of the formulation may be detem.ined by conventional Kart Fischer 
methodology. Typically this involves measuring the total water content of the fomiulafon ex- 

valve using Couliometric titration. 

Preferably the formulation remains substantially anhydrous for a period of 15 months. 
10 particulariy 18 months, especially 24 months when stored at 25-C and at relative humidity of 

60%. . . 

It is especially preferred that the above mentioned limits of water content are maintained 

under storage conditions of 40°C and 75 % relative humidity. 

Preferably the FPM of the fomiulation does not reduce by more than 15% when stored at 25 C 
15 and at relative humidity of 60% for a period of 12 months. More preferably the FPM of the 
fomiulation does not reduce by more than 10%. especially not more than 5%. when stored at 
30°C and at relative humidity of 60% for a period of 6 months, preferably 18 months, most 

preferably 24 months. ' ... , 

Especially preferred according to the present invention is a container sealed wrth a valve 
20 which contains a pharmaceutical aerosol formulation consisting essentially of 

(A) particulate salmeterol xinafoate optionally in combination with another particulate . 
active ingredient as medicament in suspension in 

(B) a liquefied propellant gas which is 1.1.1.2.3.3.3-heptafluoro-n-propane or 1.1.1.2- 

tetrafluoroethane and mixtures thereof; 
25 said container characterised in that the fomiulation is substantially anhydrous and remains so 
over a period of 12 months when stored at 25°C and at relative humidity of 60%. 

Most preferably the formulation contains salmeterol xinafoate as the sole medicament 
The container typically comprises a metal canister. Canisters may. for example, be made of 
aluminium or an alloy thereof and may optionally be plastics coated, lacquer coated or anodised. 
30 Preferably the canister is surface treated so as to present a substantially fluorinated surface to 

the fomiulation contained therein, for example, the canisters are preferably coated on their 
internal surfaces with a fluorinated polymer coating as described in W096/32151 (a fluorocarbon 
polymer optionally in combination with a non-fluorocarbon polymer), such as. a polymer blend of 
polyethersulphone (PES) and polytetrafluoroethylene (PTFE). Another polymer for coafng that 
35 may be contemplated is FEP (fluorinated ethylene propylene). 

Canisters which are strengthened by use of side walls and base of increased thickness and/or 
incorporate a substantially ellipsoidal base (which increased the angle between the side walls and 
the base canister) are advantageous for some purposes, most especially when the canister .s 
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coated and is exposed to stressful coating and curing conditions (e.g. high temperatures), since it 

is less susceptible to deformation. 

Generally the container comprises a canister sealed with a valve. The valve is seated to the 
canister by means of a gasket seal (also known as a can seal). 

The valve typically comprises a valve body having an inlet port through whtoh the 
pharmaceutical aerosol formulation may enter said valve body, an outlet port (or orifice) through 
which the pharmaceutical aerosol may exit the valve body and an open/close mechanism by 
means of which flow through said outlet port is controllable. 

in one aspect, the valve is a slide valve wherein the open/close mechanism comprises a lower 
stem seal and reUivable by said seal a valve stem having a dispensing passage, said valve stem 
being slidably movable within the seal from a valve-closed to a valve^jpen position in which the 
interior of the valve body is in communication with the exterior of the valve body via said passage. 

Preferably the slide valve is a metering valve. The metering volume is. for exampte 20 to 
lOOjil typically from 50 to 100^1. such as 50^U or 63^1. Suitably, the valve body defines a metering 
chamber for metering an amount of medicament fomrtulation and an open/ctose mechanism by 
means of which the flow through the Inlet port (or orifice) to said metering chamber is controllable. 
Preferably, the valve body has a sampling chamber in communication with the metering chamber 
via a second inlet port (or orifice), said inlet port being controllable by means of an open/close 
mechanism thereby regulating the ftow of medicament formulation into the metering chamber. 

In a preferred aspect, an example of which is shown in Figure 1. the valve is a metering valve 
in which the valve body (1) has a metering chamber (4). a sampling chamber (5) and 
therebetween an upper stem seal (12) within which the stem is slidably movable, the valve stem 
having an axial transfer passage (15) such that in the valve^losed position the dispensing 
passage is isolated from the metering chamber (4) and the metering chamber is in 
communication with the sampling chamber (5) via said transfer passage, and in the valve-open 
position the dispensing passage (10). which is sMably movable through the lower stem seal (9). 
is in communication with the metering chamber and the transfer passage is isolated from the 
sampling chamber. 

The stem seal(s) may be formed by cutting a ring from a sheet of suitabte material. 
Alternatively, the stem seaKs) may be formed by a moulding process such as an injection 
moulding, compression mouWing or transfer moulding process. 

Preferably ttie lower stem seal and/or upper stem seal comprises an elastomeric material. 

The ring is typically resilientiy defonnable. 

Valve seal when used in this specification may refer to one or more of ttie following, the upper 
and lower stem seals (also known as metering chamber seals) and the gasket seal. 

The elastomeric material may eittier comprise a tiiermoplastic elastomer (TPE) or a themioset 
elastomer which may optionally be cross-linked. The stem seals may also comprise a 
themioplastic elastomer blend or alloy in which an elastomeric material is dispersed in a 
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thermoplastic matrix. The elastomers may optionally additionally contain conventional polymer 
additives such as processing aids, colorants, tackifiers. lubricants, silica, talc, or processing oils 
such as mineral oil in suitable amounts. 

Suitable thermoset rubbers include butyl rubbers, chloro-butyl rubbers, bromo-butyl rubbers. 
5 - nitrite rubbers, silicone mbbers. fluorosilicone mbbers. fluorocarbon rubbers, polysulphide 
mbbers. polypropylene oxide rubbers, isoprene rubbers, isoprene-isobutene mbbers. isobutylene 
rubbers or neoprene (polychloroprene) rubbers. 

Suitable thermoplastic elastomers comprise a copolymer of about 80 to about 95 mole percent 
ethylene and a total of about 5 to about 20 mote percent of one or more comonomers selected 
10 from the group consisting of 1-butene. 1-hexene. and 1-octene as known in the art Two or more 
such copolymers may be blended together to form a thermoplastic polymer blend. 

Another suitabte class of thermoplastic elastomers are the styrene^thytene/ butylene-styrene 
block copolymers. These copolymers may additionally comprise a polyolefin (e.g. polypropylene) 
and a siioxane. 

1 5 Thermoplastic elastomeric material may also be setected from one or more of the follo>wing: 

polyester rubbers, polyurethane rubbers, ethytene vinyl acetate mbber, styrene butadiene mbber. 
copolyether ester TPE. olefinic TPE. polyester amide TPE and polyether amide TPE. Exampte 
TPE materials are described in WO92/11190. 

Other particulariy suitable elastomers include ethytene propytene diene rubber (EPDM) e.g. as 

20 described in WO95/02651 . 

Any parts of the valve whibh are in contact the phannaceutfeal aerosol suspension may be 
coated with materials such as fluoropolymer materials which reduce the tendency of medicament 
to adhere thereto. Suitabte fluoropolymers Include polytetrafluoroethytene (PTFE). fluoroethylene 
propylene (FEP) and blends of PTFE and polyethersulphone (PES). Any movabte parts may also 

25 have coatings applied thereto which enhance their desired movement characteristics. Frictional 
coatings may tinerefore be applied to enhance frictional contact and lubricants used to reduce 

frictional contact as necessary. 

Particulariy suitable materials for use in manufacture of me metering chamber include 
polyesters e.g. polybutyleneterephttialate (PBT) . acetate (e.g. polyoxymetiieylene). and 
30 polyamides (e.g. nylon) especially PBT and nyton. particuteriy nylon. Metering chambers may 
also be made of metal (e.g. stainless steel). 

Materials for manufacture of the metering chamber and/or the valve stem may also desirably 
be fluorinated. partially fluorinated or impregnated witti fluorine containing substances in order to 
resist drug depositton. 

35 Preferably, tiie lower stem seal and/or tiie upper stem seal additionally comprises lubricant 

material. Suitably, the lower stem seal and/or the upper stem seal comprises up to 30%. 
preferably from 5 to 20% lubricant material. 
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The term 'lubricanr herein means any material which reduces friction bettreen the valve stem 
and seal. Suitable lubricants include silicone oil. a fluorocarbon polymer such as PTFE or FEP. 

or a siloxane such as dimethyl siloxane. 

Lubricant can be applied to the stem, lower stem seal or upper stem seal by any suitable 
5 process including coating and impregnation, such as by injection or by a tamponage process 

employing an oil reservoir. 

Suitable valves are commercially available, for example from Valois SA, France (e.g. DF10. 
DF30, DF60). Bespak Pic. UK (e.g. BK300, BK356, BK357) and 3M-Neotechnic Ltd UK (e.g. 

• Spraymiser (trade name)). 
1 0 Typically the valve is sealed to the can by means of a gasket seal. Materials suitable for use 

in the gasket seal include the elastomeric materials mentioned above as suitable for the lower 

stem seal and/or the upper stem seaL 

Valves whteh are entirely or substantially composed of metal (e.g. stainless steel) 
components, save for the seals. (e.g. Spraymiser. 3M-Neotechnic) are especially preferred for 
1 5 use according to the invention. Furthermore valves which are partially metal are within.the scope 
of the invention. 

In order to maintain the substantially anhydrous nature of the formulations used according to 
the invention we have found that It is particuiarly advantageous to incorporate moisture absoriaing 
means into the formulation or into the container. 
20 According to one preferred embodiment of the invention there is provided a container sealed 

" " wUh a valve which contains a pharmaceutical aerosol fonmulation comprising - - - 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellent gas which is 1,1.1.2,3,3,3-heptafluoro-n-propane or 1.1.1.2- 

tetrafluoroethane and mixtures thereof; 
25 said container sealed with a valve further comprising moisture absorising means. 

Such formulations are characterised in that they are substantially anhydrous and remain so 

over a period of 1 2 months or more. 

The moisture absorbing means will generally comprise a desiccant material. 
Table A shows that canisters incorporating desiccant means containing H FA 134a have a 
30 lower moisture content initially and significantly reduced moisture ingresston over a period of 4 
weeks, when stored at 40«C and 75%RH. in comparison to control (conventional) canisters not 

incorporating desiccant means. 

According to one aspect of this embodiment, the desiccant material is contained within the 
canister. Preferably the desiccant material will be particulate and particles are of a size which are 
35 not inhaled into the lung, having a mean size (e.g. mass median diameter MMD) of greater than 
lOO^m. According to another aspect of this embodiment, preferably the desiccant material is not 
able to pass through the valve (e.g. not able to enter the metering chamber of the valve), for 
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example by virtue of its size. In one example of this arrangement, the desiccant is present in the 
container as a tablet or bead. In an alternative aspect the desiccant material Is not able to pass 
through the valve because it is attached to the canister. 

For the purposes of this patent application, desiccant material contained within the canister is 
5 not regarded as a component of the "formulation". 

Examples of desiccant materials suitable for use according to this aspect include nylon. 
Another example is silica gel. Other exemplary materials include inorganic materials such as 
zeolites, alumina, bauxite, anhydrous calcium sulphate, water absorbing clay, activated bentonite 
clay and a molecule sieve. When nylon is used it is preferably supplemented with use of another 
10 desiccant material having a higher water capacity (such as one of the inorganic materials just 
mentioned). 

The desiccant material should be present in sufficient quantity to absorb undesired moisture 
and will typically have a water absorption capacity of 20-50 weight percent Typically lOOfig to 
5g. for example 1mg to 5g. e.g. lOOmg to 500mg such as about lOOmg to 250mg of desiccant 
1 5 should be adequate for a typical metered dose inhaler. 

According to a second preferred embodiment of the invention there is provided a container 
sealed with a valve which contains a phannaceutical aerosol fomnulation comprising 

(A) particulate salmeterol )dnafbate in suspension in 

(B) a liquefied propellant gas which is 1.1.1.2.3.3.3-heptafluoro-n-propane or 1.1.1.2- 
20 tetrafluoroethane and mixtures thereof. 

characterised in that the container or valve is partially or wholly manufactured of or incorporates a 

desiccant material. 

Such formulations are also characterised in that they are substantially anhydrous and remain 
so over a period of 12 months or more when stored at 25°C and at a relative humidity of 60 %. 
25 Preferably the material from which the valve component is manufactured will be loaded with at 

least 5% of desiccant material, more preferably 10 to 80% desiccant material especially 20 to 
60% desiccant material One embodiment being acetal loaded with a desiccant which is a 
molecular sieve. 

Loading when used in this specification will be understood to include coating. However 
30 desiccant which is loaded may be adsorbed at least in part into the material the component is 
manufactured from. 

Preferably the desiccant material is incorporated within the valve rather than within the 
canister. 

\When the valve is a metering valve comprising a valve body which defines a metering 
35 chamber, the desiccant material may. for example, be incorporated within the metering chamber 
of the valve. For example the metering chamber may be partially, or preferably, wholly 
manufactured of nylon which is a natural desiccant material. Alternatively the metering chamber 
may be coated with a desiccant material. 
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The desiccant material may instead (or in addition) be incorporated within one or more valve 
seals. . As used herein, "valve seal" includes one or more of the following lower stem seal and/or 
upper stem seal and gasket seal employed in the valve for sealing purposes, generally composed 
of elastomeric materials. 

5 It is particularly preferred in this case that the valve seal in which the desiccant material is 

Incorporated is one which is onjinarily in contact with the liquefied propellent gas, or its vapour. 

In a preferred aspect of ttiis embodiment the valve is an "all metal" valve (i.e. substantially 
consists of metal components (save for the seals) e.g. Includes a metal metering chamber and a 
metal valve stem) and the desiccant material is incorporated into one or more seals. 

10 In conjunction with the desiccant an additional compound may be added to act as a 

conduit/channelling agent to increase/optimise the efficiency of the moisture absorption. Such 
materials may include compounds such as polyethylene glycols. 

The invention further comprises a container wherein the valve is characterised in that it 
contains one or more valve seals substantially constructed from a polymer of ethylene propylene 

15 diene monomer (EPDM). Preferably the valve is sealed to the can by means of a gasket seal 
substantially constructed from a polymer of EDPM. Equally preferably the metering chambers 
upper and lower stem seals are substantially constructed from a polymer of EPDM. Most 
preferably all the valve seals will be substantially constaicted from a polymer of EPDM. 

The EPDM may be present on its own or present as part of a thermoplastic elastomer blend or 

20 alloy, e.g. in the form of particles substantially unifomily dispersed in a continuous thennoplastic 
matrix (e.g. polypropylene or polyethylene). Commercially available thermoplastic elastomer 
blend and alloys include the SANTOPRENE^ elastomers. Other suitable thermoplastic 
elastomer blends include butyl-polyethylene (e.g. in a ratio ranging between about 2:3 and about 
3:2) and butyl-polypropylene. 

* 

25 It seems that EDPM polymer has superior properties with respect to the control of water 

ingression into the pharmaceutical aerosol formulation containing hydrofluorocarbons. This is 
illustrated in Table 2 which shows that salmeterol xinafoate HFA 134a formulations in MDIs with 
seals of EPDM polymer have a stable FPM and dose delivered at the beginning of use even 
when stored at 40°C and relative humidity 75% for up to 6 months and in Table 1 which shows 

30 that salmeterol xinafoate HFA 134a fonnulations in MDIs with seals of EPDM polymer have a 
stable total drug content (TDC) and unchanged physical appearance even when stored at 40**C 
and 75% relative humidity for up to 15 months. 

EPDM polymer when used as a gasket material in valves for use with formulations of 
salmeterol xinafoate in suspension in a HFA propellant appears to reduce deposition and/or 

35 adsorption of drug particles on said seal in comparison to those seals prepared from traditional 
materials. 

Furthermore EPDM polymer properties have been found to be superior to those materials 
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traditionally used with respect to the absorption of drug into rubber. Tables 1 and 2 show that 
canisters containing conventional nitrile mbber seals show declines in TDC, FPM and dose 
delivered with time when stored under conditions of high humidity. 

Table 3 gives mean dose data and range of dose data for beginning of use which further 
5 supports the improved stability of salmeterol xinafoate HFA 134a formulations wherein all the 
valve seals are composed of EPDM polymer relative to conventional nitrile rubbers. 

In addition it seems that the life span of the seals of EPDM polymer is longer than that of 
traditional seals as tiie material is more stable to \he hydrofluorocarbon containing fonnulations 
and more resistant to degradation and/or distortion. Therefore the advantages of ttie EPDM 
0 polymer are enjoyed throughout tiie life of tiie product wiUnout the function of flie device being 
impaired. 

EPDM polymer is available from a variety of suppliers including West and Paricer Seals (USA). 
A gasket/seal substantially constructed from a polymer of EPDM when used in tiiis 
specification will be understood to mean a seal composed of greater than 90% of EPDM polymer, 
5 particulariy greater than 95% of EPDM polymer, especially greater than 99% of EPDM polymer. 

A furtiier aspect of ttie invention provides a metiiod of reducing drug deposition and/or 
adsorption onto valve components, in a container sealed with a valve containing a 
pharmaceutical aerosol fbnnulation consisting essentially of particulate salmeterol xinafoate and 
a liquid propellant which is HFA 134a. HFA 227 or mixtures thereof, which comprises use of at 
20 least one valve seal substantially constructed from a polymer of EPDM. 

A further aspect of the invention is use of an EPDM polymer in the preparation of a valve seal 
which when used in conjunction witii a valve and phannaceutical aerosol fomnulation consisting 
essentially of particulate of salmeterol xinafoate and a liquid propellant which is HFA 134a. HFA 
227 or mixtures ttiereof provides the advantages described above. 
25 A furtiier aspect of the invention is a container comprising a canister sealed witii a valve which 

contains a phannaceutical aerosol formulation consisting essentially of 

(A) particulate salmeterol xinafoate optionally in combination with anottier particulate 
medicament as active ingredient suspended in 

(B) a liquefied propellant gas comprising 1,1,1.2,3.3,3-heptafluoro-n-propane. 1,1.1,2- 

30 tetirafluoroethane and mixtures thereof; 

wherein ttie formulation is substantially free of surfactant and components having polarity higher 

than the liquefied propellant gas; and 

said valve characterised in that it contains one or more valve seals substantially consti^cted from 
a polymer of EPDM. 

35 Preferably Vne fomiulation contains salmeterol xinafoate as the sole medicament 

A particular aspect of the invention is a container as described above wherein the valve is 
sealed to tiie canister by means of a gasket seal which is substantially constructed from a 
polymer of EPDM. 
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Preferably the valve is a metering valve. 

EspeciaUy preferred is a container as described above wherein the metering valve comprises 
a metering chamber 4 defined by walls and an upper 12 and a lower 9 valve seal through which 
pass a valve stem 7,8 characterised in that said two seals are substantially constructed from a 
5 polymer of EPDM. 

Also especially preferred is a container as described above wherein the valve is sealed to the 
canister by means of a gasket seal 3 which is substantially constructed from EPDM polymer and 
wherein the lower 9 stem seal is substantially constructed from EPDM polymer. 

Most preferably all the valve seals in the said metering valve are substantially constructed 
1 0 from EPDM polymer 

It will be understood that the salmeterol may be in the form of racemic material (as is 
preferred) or it may be enantiomerically enriched or purified as the R or S enantiomer. Amounts 
of salmeterol xinafoate quoted herein are for racemic salmeterol and it will be understood that for 
use of other than racemic salmeterol these amounts may be varied as appropriate. 
1 5 The salmeterol xinafoate particles of the aerosol formulations of the present invention should 

be of a size which allow them to t>e administered by inhalation. The particles must be sufficiently 
small, on the one hand, to penetrate into the pulmonary pathways without encountering obstacles 
and, on the other hand, they must have a sufficiently large size to deposit in the lung and not to 
be carried away by exhalation. The penetration of the salmeterol xinafoate particles as far as the 
20 pulmonary bronchioles and alveoli is generally only considered possible for particles having a 
mean size (e.g. MM D) of less than 20|jm, preferably of less than 5^m e.g. I^S^im. - - . . ^ . . 

The phamiaceutical compositions of use according to the invention may also be used in 
combination with other therapeutic agents, for example anti-inflammatory agents (such as 
corticosteroids (e.g. fluticasone propionate, beclomethasone dipropionate, mometasone furcate, 
25 triamcinolone acetonide or budesonide) or NSAlDs (e.g. sodium cromoglycate. nedocromil 
sodium. PDE-4 inhibitors, ieukotriene antagonists, iNOS inhibitors, tryptase and elastase 
inhibitors, beta-2 integrin antagonists and adenosine 2a agonists) or other beta adrenergic agents 
(such as saibutamol, formoterol, fenoterol or terbutaline and salts thereof), antiinfective agents 
(e.g. antibiotics, antivirals) or anticholinergics, e.g., ipratropium (e.g. as bromide), tiotropium (e.g. 
30 as bromide), atropine or oxitropium. Combinations of salmeterol xinafoate with fluticasone 
propionate or ipratropium bromide are of particular interest 

Preferred formulations according to the invention are substantially free (e.g. contain less than 
0.0001%) of surfactants and other excipients such as co-solvents (e.g. ethanol). 

Preferably the formulation consists essentially of salmeterol xinafoate and the HFA propellant 
35 or salmeterol xinafoate in combination with fluticasone propionate and HFA propellant. Also of 
interest is a formulation which consists essentially of salmeterol xinafoate in combination with an 
anticholinergic (e.g. ipratropium such as the bromide) and the HFA propellant 
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More preferably the pharmaceutical aerosol formulation consists (only) of particulate 
salmeterol xinafoate in suspension in a liquefied propellant gas which is 1.1,1,2.3,3.3- 
heptafluoro-n-propane or 1,1.1,2-tetrafluoroethane and mixtures thereof and a small amount of 
water to the extent that the formulation is not entirely anhydrous. 
5 The propellant is preferably 1,1,1,2,3,3.3-heptafluoro-n-propane {HFA227) or 1.1,1.2- 

tetrafluoroethane (HFA 134a). 1.1,1.2-Tetrafluoroethane is of particular interest 1.1,1.2.3,3,3- 
Heptafluoro-n-propane (HFA227) is also of interest The propellants used in manufacture of the 
formulations should be of a grade which is as anhydrous as possible, for example, with a water 
content of less than 50 ppm, particularly less than 30 ppm. 

10 The preferred concentration of salmeterol xinafoate in the formulation is 0.03-0.14% wTw, 

preferably 0.04-0.08% w/w, more preferably 0.05-0.07% w/w. For use with a metering valve of 
metering volume 63 ^1 a concentration of around 0.05% is suitable. 

Conventional bulk manufacturing methods and machinery well known to those skilled in the 
art of phamiaceutical aerosol manufacture may be employed for the preparation of large scale 

15 batches for the commercial production of filled canisters. Thus, for example, in one bulk 
manufacturing method a metering valve is crimped onto an alurhinium canister to form an empty 
container. The medicament is added to a charge vessel and liquefied propellant (together with 
other dissolved components if present) is pressure filled through the charge vessel into a 
manufacturing vessel. An aliquot of the fonmulation is then filled through the metering valve into 

20 the container. 

In an alternative process, an aliquot of the liquefied fonmulation is added to an open canister 
under conditions which are sufficiently cold to ensure that the formulation does not vaporise, and 
then a metering valve is crimped onto the canister. 

Typically, in batches prepared for phamnaceutical use, each filled container is check-weighed, 
25 coded witii a batch number and packed into a tray for storage before release testing. 

Each filled container is conveniently fitted into a suitable channelling device prior to use to 
form a metered dose inhaler for administration of the medicament into the lungs or nasal cavity of 
a patient Suitable channelling devices comprise, for example a valve actuator and a cylindrical or 
cone-like passage through which medicament may be delivered from the filled canister via the 
30 metering valve to the nose or mouth of a patient e.g. a mouthpiece actuator. 

The arrangement of parts in a typical metered dose inhaler may be seen by reference to US 
Patent 5 261,538. 

In a typical anrangement the valve stem is seated in a nozzle block which has an orifice 
leading to an expansion chamber. The expansion chamber has an exit orifice which extends into 
35 the mouthpiece. Actuator (exit) orifice diameters in, for example, the range 0.2-0.65mm including 
0.5 and 0.6mm are generally suitable, more typically 0.2-0.45mm especially 0.22. 0.25, 0.30, 0.33 
or G.42mm. 
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Metered dose Inhalers are designed to deliver a fixed unit dosage of medicament per 
actuation or 'puff, for example, in the range of 10 to 5000 \ig medicament per puff. 

Administration of medicament may be indicated for the treatment of mild, moderate or severe 
acute or chronic symptoms or for prophylactic treatment. Treatment may be of asthma, chronic 
5 obstructive pulmonary disease (COPD) or other respiratory disorder. It will be appreciated that 
the precise dose administered will depend upon the age and condition of the patient, the quantity 
and frequency of administration will ultimately be at the discretion of the attendant physician. 
Typically, administration may be one or more times, for example from 1 to 8 times per day. giving 
for example 1,2,3 or 4 puffs each time. The preferred treatment regime is 2 puffs of 25^g/puff 
1 0 salmeterol (as the xinafoate). 2 times per day. 

MDls comprising a container as described above fitted into a suitable channelling device and 
use thereof in the treatment of asthma or COPD also form aspects of the invention. 

In order to further protect the contents of the container against moisture (especially during 
storage before first use) we have also found it convenient to provide a flexible package for 
1 5 wrapping and sealing said container, said flexible packaging being substantially impermeable to 
moisture; preferably impermeable to moisture and penneable to the propellant contained within 
the container. The wrapping preferably comprises a non-thermoplastic substrate (e.g. a metal foil 
such as aluminium foil) and a heat sealable layer disposed thereon, and an additional protective 

layer, such as a film of polyester. 
20 Desirably the flexible packaging also contains within it a moisture absorbing material, such as 

a desiccant. A sachet of silica gel is particulariy suitable for this purpose. 

Further details of the flexible packaging will be apparent by reference to International Patent 

Application No. PCT/US99/27851 . 

An exemplary valve of use according to the invention is shown in Figure 1 and comprises a 
25 valve body 1 sealed in a feraile 2 by means of crimping, the ferrule itself being set on the neck of 

a container (not shown) with interposition of a gasket seal (3) in a well-known manner. 

The valve body 1 is fonned at its lower part with a metering charhber 4, and its upper part with 

a sampling chamber 5 which also acts as a housing for a return spring 6. The words "upper" and 

"lower" are used for the container when it is in a use orientation with the neck of the container and 
30 valve at the lower end of the container which corresponds to the orientation of the valve as shown 

in Figure 1. Inside the valve body 1 is disposed a valve stem 7. a part 8 of which extends outside 

the valve through lower stem seal 9 and fermie 2. The stem part 8 is fonned with an inner axial 

or longitudinal canal 10 opening at the outer end of the stem and in communication with a radial 

passage 1 1 . 

35 The upper portion of stem 7 has a diameter such that It can slide ttirough an opening in an 

upper stem seal 12 and will engage the periphery of that opening sufficiently to provide a seal. 
Upper stem seal 12 is held in position against a step 13 formed in the valve body 1 between the 
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said lower and upper parts by a sleeve 14 which defines the metering chamber 4 between lower 
stem seal 9 and upper stem seal 12. The valve stem 7 has a passage 15 which, when the stem 
is in the inoperative position shown, provides a communication between the metering chamber 4 
and sampling chamber 5, which itself communicates with the interior of the container via orifice 
5 26 formed in the side of the valve body 1 . 

Valve stem 7 is biased downwardly to the inoperative position by retum spring 6 and is 
provided with a shoulder 17 which abuts against lower stem seal 9. In the inoperative position as 
shown in Figure 1 shoulder 17 abuts against lower stem seal 9 and radial passage 11 opens 
below lower stem seal 9 so that the metering chamber 4 is isolated from canal 10 and suspension 
1 0 inside cannot escape. 

A ring 18 having a "U" shaped cross section extending in a radial direction is disposed around 
the valve body below orifice 26 so as to form a trough 19 around the valve t>ody. As seen in 
Figure 1 the ring is formed as a separate component having an inner annular contacting rim of a 
diameter suitable to provide a friction fit over the upper part of valve body 1, the ring seating 
15 against step 13 below the orifice 26. However, the ring 18 may alternatively be formed as an 
integrally moulded part of valve body 1 . 

To use the device the container is first* shaken to homogenise the suspension within the 
container. The user then depresses the valve stem 7 against the force of the spring 6. When the 
valve stem is depressed both ends of the passage 1 5 come to lie on the side of upper stem seal 
20 12 remote from the metering chamber 4. Thus a dose is metered within the metering chamber. 
Continued depression of the valve stem will move the radial passage ll into the metering 
chamber 4 while the upper stem seal 12 seals against the valve stem body. Thus, the metered 
dose can exit through the radial passage 1 1 and the outlet canal 1 0. 

Releasing the valve stem causes it to retum to the illustrated position under the force of the 
25 spring 6. The passage 15 then once again provides communication between the metering 
chamber 4 and sampling chamber 6. Accordingly, at this stage liquid passes 
under pressure from the container through orifice 26, through ttie passage 1 5 and thence into the 
metering chamber 4 to fill it 

Figure 2 shows a different view of a valve in which the gasket seal and lower and upper stem 
30 seals are labelled 3, 9 and 12 respectively. 

The invention will now be described further with reference the following Examples which serve 
to illustrate the invention but are not intended to be limiting. 
Examples 
Experimental 

35 All the valves for which data is presented below, unless otherwise stated, had valve 

seals which were constructed from nitrile rubber. Furthenmore the metering chambers of the 
Valois valves were constructed from acetal and of the Bespak valves were constructed fi'om PBT. 
A. Sensitivitv of Salmeterol Xinafoate Aerosols to Moisture Content 
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In the experiments below canisters were stored In an inverted orientation. 
Valves all fiad 63 ^1 metering volume. Water content was measured ex-valve using Karl-Fischer 
methodology. The data shows the sensitivity of the formulations of salmeterol xinafoate to 
moisture, as measured by the decline in FPM. 
(I) control canisters 

Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA 134a were stored 
under various conditions of temperature and humidity and the moisture content measured, vwth 
results as follows: 





Initial 


1 month @ 40°C/85% 
RH 


3 months @ 
40''C/85% RH 


Water content/canister 

. 


35ppm 


330ppm 


446ppm 



(ii) control canisters containing desiccant 

Moisture content in ppm data for canisters coated with a polymer blend of PTFE and PES 
containing HFA 134a (I.e. a placebo formulation) and containing an aceta! disc (as carrier for 
desiccant) was measured. Each canister was sealed by crimping a Valois valve in place wherein 
said valve did not incorporate a nylon ring (the ring 18 shown in figure 1). The acetal disc 
incorporated In each canister was loaded with no desiccant, 30% desiccant or 60% desiccant 
material. The desiccant used was a molecular sieve. Results are shown below. 

Table A 

MOiSTURE CONTENT IN PPM OF HFA 134a WHEN STORED AT 40X. 75%RH 



30% desiccant/acetal 



60%dessicant/acetal 



No desiccant 



Initial 



20 



59 



1 wks 



14 



12 



192 



2 wks 



22 



19 



314 



4 wks 



46 



39 



600 



The results table shows that canisters containing HFA 134a incorporating a desiccant material 
have a lower initial moisture content and lower rate of moisture ingresslon than the control 
(conventional) canisters containing HFA134a not incorporating desiccant material when stored at 
40'*C and 75% RH over a period of 4 weeks, 
(ill) canisters containing salmeterol xinafoate 

Aluminium canisters fitted with Valois D60 valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
follows: 
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30°C/60% RH 


40°C/75% RH 


Water content, 
ppm 


FPM, meg 


Water content, 
ppm 


FPM, meg 


Initial 


92 


10.3 


92 


10.3 


1 month 


Not Tested 


Not Tested 


412 


8.2 


3 months 


463 


7.9 


616 


6.2 



(iv) canisters containing salmeterol xinafoate 



Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor). with results as 
5 follows: 





40°C/76% RH 


25°C/60% RH 


25°C/75% RH 


Water 

content, 

ppm 


FPM, meg 


Water 

content, 

ppm 


FPM, meg 


Water 

content, 

ppm 


FPM, meg 


Initial 


81 


9.4 


81 


9.4 


81 


9.4 


1 month 


360 


7.8 


194 


8.4 


217 


8.4 


3 months 


540 


6.0 


405 


8.3 


434 


8.0 


6 months 


526 


6.2 


446 


7.5 ■ 


485 


7.2 



(v) canisters containing salmeterol xinafoate 



Aluminium canisters fitted with Bespak valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
1 0 follows: 





40°C/75% RH 


Water content, ppm 


FPM, meg 


Initial 


118 


11.3 


3 months 


457 


7.0 



(vi) canisters containing salmeterol xinafoate 



Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA 134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor), with results as 
1 5 follows: 





40"'C/75% RH 


Water content, ppm 


FPM, meg 


Initial 


213 


9.5 


3 months 


746 


6.7 
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(vii) canisters containing sa lmeterol xinafoate 

Aluminium canisters fitted with Valois DF60 valve and containing 12g HFA134a and 6.53mg 
salmeterol xinafoate were stored under various conditions of temperature and humidity and the 
moisture content measured and FPM measured (Andersen Cascade Impactor). with results as 
follows: 



Initial 



3 months 



40°C/75% RH 



Water content, ppm 



181 



668 



FPM, meg 



9.6 



7.4 



From section A, experiments (i) to (vii) above it can be seen that MDIs with nitrite rubber seals 

stored in high humidity conditions are subject to moisture ingression, especially when stored at 
high temperatures. Moisture ingress can be controlled by use of desiccant Furthemnore this 
increase in the moisture content of canisters containing salmeterol xinafoate can be linked to 
decrease in the FPM of the drug. 

B. Effect of Storage Conditions on Salmeterol X inafoate Aerosols. 
Sample Preparation for Tables 1 to 3 

The MDIs for which data are presented in Tables 1 to 3 were prepared in aluminium canisters 
coated with a PTFE/PES polymer blend as described in WO96/32150 and sealed with a Bespak 
valve wherein all the valve seals were made from conventional nitrile rubber (as comparator) or 
EPDM polymer (according to the invention) and wherein the metering chamber was composed of 

PBT i.e. was conventional. 

Furthemiore the said aluminium canisters contained a phannaceutical aerosol formulation 
comprising 4.2mg of salmeterol as xinafoate and 12g of HFA 134a. Each device was stored at 
40**C and 75% relative humidity unless othenwise stated. 

Method for Determinino Total Drug Content (TDC) in MDIs containing Salmeterol Xinafoate and 
HFA 134a 

Each MDIs canisters tested (before use) was cooled in a freezing mixture of dry ice and 
methanol for approximately 5 minutes, after which it was clamped and the valve assembly 
removed with a suitable tube cutter. The contents of the canister was quantitatively transfen-ed 
into a receptacle(s) of known volume and the canister, valve and valve components quantitatively 
washed. The combined canister contents and associated washings were then assayed by HPLC 
and the TDC calculated. TDC values which are lower than predicted imply absorption of drug into 
valve components. 

Canister content is the weight of fonnulation contained in the canister calculated by mass 
difference. 

Method for Determining Dose and FPM 

Each MDI canister tested was put into a clean actuator and primed by firing 4 shots. Then 10 
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10 



15 



Shots were fired into an Andersen Cascade Impactor which was quantitatively washed and the 
amount of drug deposited thereon quantified by HPLC analysis of the washings. 

From this the dose delivered (the sum of the amount of drug deposited on the cascade 
impactor per actuation) and the FPM (the sum of drug deposited on stages 3. 4 and 5 per 
actuation) data were calculated. Values of FPM which are lower than expected imply one or 
more of the following: (i) absorption. (11) deposition or (iii) particle growth. The dose delivered as 
quoted in Table 2 is the mean of 3 such detemiinations. The total dose includes all drug 
substance emitted ex-device as the mean of 3 detennination. 

The mean dose delivered data as shown in Table 3 was obtained by inserting each of 10 MDI 
canisters into a clean actuator and priming by firing 4 shots. Then 2 actuations for each MDI 
were collected, assayed by HPLC and a value of the dose delivered per actuation calculated. 
The mean dose deBvered is the mean of the 10 previously calculated dose delivered per 
actuation values. 
Table 1 

EFFECT OF STORAGE CONDITION ON TOTAL DRUG CO NTENT <TDC) OF SALMETEROL 

XINAFOATE AEROSOLS 



Rubber 
Type 



NITRILE 
NITRILE 



EPDM 



Storage Time 
(months) 



10 
iO 



15 



Storage 
Condition 



40''C/75%RH 
40°/20%RH 



40''C/75%RH 



Mean 
TDC (mg) 



3.6 



4.0 



Mean Can 
Content (g) 



11.5 



11.1 



NOTES: All results are the me an of 3 individual results & TDC at initial timepoint around 4.2mg 



Table 2 



20 



EFFECT OF STORAGE CONDITION ON P nSE DELIVERED & FPM OF SALMETEROL 

XINAFOATE AEROSOLS (40°C. 75%RH' 





Dose Delivered (p.g) 


FPM (^g) 


FPM 


as a % of 
Dose 


Total 


Rubber 
Type 


Initial 


6 

weeks 


6/7 
Months 


Initial 


6 

weeks 


6/7 
Months 


Initial 


6 

weeks 


6/7 
Months 


Nitrile 


18.5 


16.8 


13.4 


9.3 


7.2 


5.0 


41 


35 


28 


EPDM 


19.8 




20.1 


11.2 


10.7 


10.5 


48 


48 


1 " 
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Table 3 

EFFECT OF STORAGE CONDITION ON MEAN DOSE DELIVERED & RANGE OF DOSE 
DELIVEREDFOR SALMETEROL XINAFOATE AEROSOLS (40^0. 75%RH) 





Mean Dose Delivered (^g) 


Range of Dose Delivered (fig) 


Rubber 
Type 


(nitial 


6 weete 


6/7 
Months 


Inifial 


6 weeks 


6/7 Months 


Nitrile 


19.1 


16.8 


14.5 


17.1-20.7 


15.4-19.2 


12.8-16.1 


EPDM 


19.0 


19.1 


18.9 


17.0-19.7 


17.8-20.1 


18.1-19.6 



5 

On visual inspection it was observed that the drug substance obtained from the conventional 
MDIs stored at 40^0 20% RH (i.e. employing nitrile seals) and the samples stored at 40**C 75% 
RH with EPDM polymer seals had the same appearance and appeared unchanged from the 
initial timepoint. However the drug substance from conventional MDIs stores at 40**G 75% RH 
10 was distinctly crystalline in appearance indicating some dissolution and recrystallisation had 
occurred. 

Table 1 shows that TDC values obtained for MDIs wherein all the valve seals are prepared 
from EPDM polymer after storage at 40**C 75% RH for up to 15 months are comparable to the 
TDC valves obtained for conventional MDIs stored under the same conditions and conventional 

15 MDIs whidi have been stored at 40*^0 20% RH. The TDC value obtained in the above cases do 
not differ significantly the value obtained at the initial timepoint. Although the conventional MDIs 
stored at 40°C 75% RH seemed to show a small decrease from the value obtained at the initial 
timepoint The corresponding conventional MDIs stored at 40°C 75% RH have a significantly 
lower TDC valve than the initial timepoint 

20 Table 2 shows the dose delivered by the conventional MDI (control) is reduced on storage at 

AO^C 75% RH. The trend is very evident by the 6/7 montii timepoint The trend is not observed 
in MDIs wherein all the gaskets are prepared from EPDM polymer. 

The FPM data for tiie conventional MDI (i.e. employing nitrile seals) shows a significant 
decrease after storage at 40*'C 75% RH. This frend is reduced noticeably in addition to the initial 

25 timepoint value being higher in tiie MDI where all the valve seals are prepared from EPDM 
polymer. 

From the Tables it may be concluded thai use of EPDM polymer gasket seal (can seal) and 
lower and upper stem seals in an MDI containing a pharmaceutical aerosol formulation of 
particulate salmeterol xinafoate suspended in liquefied HFA 134a as propellent results in a 
30 formulation with improved stability, when compared to similar formulations in conventional MDIs, 
especially when stored in high temperature and high humidity conditions. 
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C, Examples of Saimeterol Xinafoate Aerosol Containers 
Example 1 

A conventional aluminium MDI canister (Presspart, USA) is filled with 6.53mg of saimeterol 
xinafoate and 500mg bead of zeolite. A Valois DF60 valve (stainless steel valve stem; acetal 
5 metering chamber, 63 ^1 volume; white buna rubber seals) is crimped on and 12g of anhydrous 
(<50ppm) HFA134a filled through the valve. 
Example 2 

The filled container of Example 1 is prepared, save that a strengthened aluminium canister 
with ellipsoidal base coated on its internal surface \Mth a polymer blend of PES and PTFE is 
1 0 used. 

Example 3 

The filled container of Example 2 is prepared, save that a coating of PEP is used. 
Examples 4-6 

The filled containers of Examples 1-3 are prepared, save that the gasket seal is not white 
1 5 buna rubber but is EPDM. 
Example? to 12 

The filled containers of Examples 1 to 6 are prepared, save that the metering chamber is 
fluorinated. 
Example 13 to 24 

20 The filled containers of Examples 1 to 12 are prepared, save that the metering chamber is 

nylon and not acetal. 
Example 25 

A strengthened aluminium canister with ellipsoidal base (Presspart, USA) coated on its 
internal surface with a polymer blend of PES and PTFE is filled with 6.53mg of saimeterol 
25 xinafoate. A Valois DF60 valve (stainless steel valve stem; nylon metering chamber, 63^1 
volume; white buna rubber seals) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled 
through the valve. 
Example 26 

A strengthened aluminium canister with ellipsoidal base (Presspart, USA) coated on its 
30 internal surface with a polymer blend of PES and PTFE is filled with 6.53mg of saimeterol 
xinafoate and 250mg bead of zeolite. A Spraymiser all-metal (stainless steel) valve (EPDM 
rubber seals) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled through the valve. 
Example 27 

A strengthened aluminium canister with ellipsoidal base (Presspart, USA) coated on its 
35 internal surface with a polymer blend of PES and PTFE is filled with 6.53 mg of saimeterol 
xinafoate and 1g bead of zeolite. A Spraymiser all-metal (stainless steel) valve (EPDM rubber 
seals) (3M) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled through the valve. 
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Example 28 

A strengthened aluminium canister with ellipsoidal base (Presspart. USA) coated on its 
internal surface with a polymer blend of PES and PTFE is filled with 6.53 mg of salmeterol 
xinafoate and 5 250mg tablets of compressed alumina. A Spraymiser all-metal (stainless steel) 
5 valve (EPDM rubber seals) (3M) is crimped on and 12g of anhydrous (<50ppm) HFA134a filled 
through the valve. 

Throughout the specification and the claims which follow, unless the context requires 
otherwise, the word ^comprise*, and variations such as 'comprises' and 'comprising', will be 
understood to imply the inclusion of a stated Integer or step or group of integers but not to the 
1 0 exclusion of any other integer or step or group of integers or steps. 

The contents of above mentioned patents and patent applications are hereinbefore 
incorporated by reference. 
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. Claims 

1. A container sealed with a valve, which contains a phamnaceutical aerosol formulation 
comprising 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellent gas which is 1.1.1.2,3.3.3-heptafluoro-n-propane or 1,1,1.2- 
tetrafluoroethane and mixtures thereof, 

said container characterised in that the formulation is substantially anhydrous and remains so over 
a period of 1 2 months when stored at 25°C and at relative humidity of 60%. 

2. A container sealed with a valve which contains a phamiaceutical aerosol fonriulation 

consisting essentially of 

(A) particulate salmeterol xinafoate optionally in combination writti anottier particulate active 
ingredient as medicament in suspension in 

(B) a liquefied propellant gas which is 1.1.1 .2.3,3.3-heptafluoro-n-propane or 1.1,1.2- 

tetrafluoroethane and mixtures thereof 
said container characterised in ttiat tiie fonmulation is substantially anhydrous and remains so 
over a period of 12 montins when stored at 25°C and at relative humidity of 60%. 

3. A container according to claim 1 or claim 2 wherein the water content of tiie fomiulation is 
less tiian 200ppm and remains so over a period of 12 montiis when stored at 25°C and at 

relative humidity of 60%. 

4. A container according to claim 3 wherein tt^e water content of the formulation is less tiian 
1 0Oppm and remains s6 over a period of 18 montiis when stored at 25°C and at relative 
humidity of 60%. 

5. A container according to any one of claims 1 to 4 wherein tiie FPM of ttie formulation does 
not reduce by more tiian 15% oyer a period of 12 montiis when stored at 25''C and at relative 
humidity of 60%. 

6. A container according to any one of claims 1 to 5 which comprises a metal canister. 

7. A container, sealed witii a valve which contains a phannaceutical aerosol formulation 
comprising 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellant gas which is 1.1.1.2.3.3.3-heptafluoro-n-propane or 1.1.1,2- 
tetrafluoroethane and mixtures thereof; 

said container sealed witti a valve furtiier comprising moisture absortsing means. 

8. A container according to daim 7 wherein tiie moisture absort)ing means comprises a 
desiccant material. 

9. A container according to claims 7 or claim 8 wherein tiie desiccant is contained within ttie 
can. 
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10. A container according to claim 8 or claim 9 wherein the desiccant is selected from the list 
consisting of zeolites, alumina, bauxite, anhydrous calcium sulphate, water absorbing clay, 
activated bentonite clay and a molecular sieve. 

1 1 . A container according to any one of claims 1 and 3 to 1 0 sealed with a valve which contains 
5 a pharmaceutical aerosol formulation comprising 

(A) particulate salmeterol xinafoate in suspension in 

(B) a liquefied propellant gas which is 1,1.1.2.3,3.3-heptafluoro-n-propane or 1,1,1,2- 
tetrafluoroethane and mixtures thereof 

characterised in that the container or valve is partially or wholly manufactured of or 
1 0 incorporates a desiccant material. 

12. A container according to claim 1 1 wherein the desiccant is incorporated within the valve. 

13. A container according to claim 12 wherein the valve is a metering valve comprising a valve 
body which defines a metering chamber and the desiccant is incorporated within the 
metering chamber of the valve. 

15 14. A container according to any one of claims 11 to 13 wherein the valve comprises one or 

more valve seals and the desiccant is incorporated within a valve seal. 
15. A container according to any one of claims 1 to 14 wherein the valve is characterised in that 
It contains one or more valve seals substantially constmcted from a polymer of ethylene 
propylene diene monomer (EPDM). 
20 16. A container according to any one of claims 1 to 15 wherein the valve is sealed to the canister 

- by means of a gasket seal which-is substantially constructed from a polymer of EPDM. 

17. A container according any one of claims 1 to 16 wherein the metering valve comprising a 
valve body which defines a metering chamber having an upper and a lower stem seal and a 
stem, characterised in that said two stem seals are substantially constructed from a polymer 

25 of EPDM. 

18. A container according to any one of claims 6 to 17 characterised in that the formulation is 
substantially anhydrous and remain so over a period of 12 months or more. 

19. A container comprising a canister sealed with a valve which contains a pharmaceutical 
aerosol formulation consisting essentially of 

30 (A) particulate salmeterol xinafoate optionally In combination with another particulate active 

ingredient as medicament suspended in 
(B) a liquefied propellant gas comprising 1.1,1,2,3.3,3-heptafluoro-n-propane, 1,1,1.2- 
tetrafluoroethane and mixtures thereof; 
wherein the fonnulation is substantially free of surfactant and components having polarity 
35 higher than the liquefied propellant gas; and 

said valve is characterised in that it contains one or more valve seals substantially 
constructed from a polymer of EPDM. 
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20. A container as claimed in claim 1 9 wherein the valve is sealed to the canister by means of a 
gasket seal which is substantially constructed from a polymer of EPDM. 

21. A container according to claim 19 or claim 20 wherein the metering valve comprising a valve 
body which defines a metering chamber having an upper and a lower stem seal and 

5 characterised in that said two stem seals are substantially constructed from a polymer of 

EPDM. 

22. A container according to any one of claims 1 to 21 wherein the formulation contains 
salmeterol xinafoate as the sole medicament 

23. A container according to any one of claims 1 to 22 wherein the formulation consists 
10 essentially «of salmeterol xinafoate and 1.1,1,2,3,3,3-heptafluoro-n-propane or 1,1,1,2- 

tetrafluoroethane and mixtures thereof. 

24. A container according to any one of claims 1 to 23 wherein the liquefied propellant gas in the 
fonmulation is 1 , 1 , 1 ,2-tetrafluoroethane. 

25. A container according to anyone of claims 1 to 21 and 24 wherein the formulation consists 
15 essentially of salmeterol xinafoate in combination with fluticasone propionate and 1,1,1,2- 

tetrafluoroethane. 

26. A container according to any one of claims 1 to 25 wherein the concentration of salmeterol 
xinafoate in the fomnulation is 0.03-0.14% w/w. 

27. A container according to any one of claims 1 to 26 wherein the canister is surface treated so 
20 as to present a substantially fluorinated surface to the formulation contained therein. 

28. A container according to claim 27 wherein the canister is treated by coating it with a 
fluorocarix>n polymer optionally in combination with a non-fluorocarbon polymer. 

29. A container according to claim 28 wherein the polymer coating is a blend of PTFE and PES. 

30. A container according to any one of claims 1 to 29 wherein the materials of manufacture of 
25 the metering chamber and/or the valve stem are fluorinated, partially fluorinated or 

impregnated with fluorine containing substances. 

31 . A metered dose inhaler comprising a container according to any one of claims 1 to 30 fitted 
into a suitable channelling device. 

32. A method of treating asthma or COPD which comprises use of a metered dose inhaler 
30 according to claim 31 . 

33. A product comprising a flexible package for wrapping and sealing a container, said flexible 
packaging being substantially impermeable to moisture having contained within it a container 
according to any one of claims 1 to 30 or a metered dose inhaler according to claim 31. 

34. A product comprising a flexible package for wrapping and sealing a container, said flexible 
35 packaging being impermeable to moisture and permeable to propellant contained within the 

container, having contained within it a container according to any one of claims 1 to 30 or a 
metered dose inhaler according to claim 31. 
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35. A product according to claim 33 or claim 34 wherein the flexible packaging also contains 
within it a moisture at)sorbing material. 

36. A product according to claim 35 wherein the moisture absorbing material is a sachet of silica 

gel. 

5 37. A method of reducing drug deposition and/or adsorption onto valve components, in a 

container sealed with a valve containing a pharmaceutical aerosol formulation consisting 
essentially of particulate salmeterol xinafoate and a liquid propellant which is HFA 134a, HFA 
227 or mixtures thereof, which comprises use of at least one valve seal substantially 
constmcted from a polymer of EPDM. 
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